Cervical cancer is the leading cause of cancer-related mortality in the developing world, where HIV and Mycobacterium tuberculosis (TB) infection are also endemic. HIV infection is independently associated with increased morbidity and mortality among women with cervical cancer. TB is believed to increase the risk of malignancies and could cause chronic inflammation in the gynecologic tract. However, the relationship between cervical cancer and TB in settings hyperendemic for HIV is unknown. We found that 18 (10%) of a cohort of 180 women with cervical cancer in Botswana had a history of TB disease. Age and HIV infection were also associated with a history of TB disease. Our data show that prior TB disease is highly prevalent among patients with cervical cancer infected with HIV. The coexistence of cervical cancer, HIV infection, and prior TB infection might be higher than expected in the general population. Prospective studies are needed to better determine the impact of the collision of these three world health epidemics.
INTRODUCTION
Cervical cancer is the third most common malignancy in women worldwide and the leading cause of cancer-related death for women in developing countries. Globally, it is estimated that approximately half a million women are diagnosed with cervical cancer every year, and approximately 275,000 women die of the disease, 85% of whom live in low-and middle-income countries. 1 In Botswana, cervical cancer is the most common gynecologic cancer and the leading cause of cancer death. 2, 3 HIV infection accelerates the progression toward cervical cancer and likely is associated with worse clinical outcomes. 4 In Botswana, 60% of patients diagnosed with cervical cancer are also infected with HIV. 2, 5 With cervical cancer rates rising in developing countries where HIV is endemic, identifying and understanding the factors leading to increased morbidity and mortality in these populations should be a priority. 6 The devastating impact of the colliding HIV and tuberculosis (TB) pandemics in resource-limited settings has been long recognized. 7 HIV infection is one of the most important risk factors for progression to active TB disease. Furthermore, TB is the number one killer of people living with HIV in the world. 5 Importantly, the impact of these pandemics is more severe in countries with more challenging health care systems, where TB and HIV are less controlled, and patients may have more advanced disease states compared with the developed world. Botswana has one of the highest TB prevalence rates in the world, and it is estimated that 60% to 75% of people diagnosed with TB are coinfected with HIV. 8 An association between malignancies and TB was previously established. 9 TB has been implicated in the pathogenesis of malignancies and may interfere with their diagnosis. TB and cancer frequently coexist, and the relative immunosuppression caused by cancer or its treatment may lead to reactivation of latent TB infections, leading to increased morbidity and mortality. 9 However, data on the association between cervical cancer and TB are scarce. 10 Despite the magnitude of the cervical cancer, HIV, and TB epidemics coexisting in many resourcelimited settings, their associations and the potential interactions among all three pandemics have not been documented previously, although, as previously mentioned, those between HIV and cervical cancer as well as between HIV combination of TB and HIV on cervical carcinomas. In this study, we examined the association between cervical cancer and a prior history of TB by HIV serostatus in a prospective cohort of patients with cervical cancer in Botswana.
METHODS
Cervical cancer diagnosis and treatment in Botswana is centralized at Princess Marina Hospital, the largest referral hospital in the country, located in the capital, Gaborone. Approximately 95% of all patients diagnosed with any cancer in public hospitals from all over the country are referred there for confirmation of diagnosis and treatment. In this study, we enrolled consecutive patients referred to Princess Marina Hospital for the treatment of cervical cancer between July 2013 and January 2015. We collected demographic characteristics and cancer-and TB-specific information prospectively through patient interviews and medical record reviews. All data were collected before cancer treatment initiation. Prior TB disease was defined as an episode of clinically or microbiologically diagnosed TB requiring initiation of TB treatment at any point in the past. HIV testing was performed on all patients in accordance with Botswana's national guidelines. Radiologic information was unavailable in most cases, and it was not analyzed in this study.
We first described the characteristics of patients with cervical cancer when stratified by history of active TB and cervical cancer. Associations were determined using x 2 , t test, and Mann-Whitney testing as appropriate. A logistical regression model was developed to describe correlates of prior TB disease. Variables for the model were identified a priori on the basis of their conceptual importance and included age at diagnosis of cervical cancer, age of first sexual encounter, smoking history, and presence of HIV infection. A separate model was developed to determine the association of CD4 cell count categories using HIV-negative patients as referents. Odds ratios and 95% CI were calculated. Data processing and analyses were performed using Stata software (STATA, College Station, TX).This study was approved by the institutional review boards at the University of Pennsylvania, University of Botswana, and Botswana Ministry of Health. All patients provided informed consent.
RESULTS
We enrolled 180 women during the study period, of whom 117 (65%) were infected with HIV at the time of their cervical cancer diagnosis. Overall, 18 (10%) patients with cervical cancer had a history of TB disease, and 16 (89%) of them were coinfected with HIV. All patients with TB were treated for their disease. All HIV-positive patients were either already receiving antiretroviral treatment or had started on antiretroviral treatment at the time of cancer diagnosis. The main demographic and clinical characteristics of the sample stratified by history of TB infection are listed in Table 1 
DISCUSSION
In this study, we found that prior TB disease was common in our sample of patients with cervical cancer in Botswana. HIV infection was also highly prevalent among patients with cervical cancer who had TB disease before their diagnosis of cervical cancer. Our findings are not surprising, given the well-known association between HIV and TB. Nevertheless, they highlight an underappreciated overlap of three of the most devastating epidemics in developing countries: cervical cancer, HIV, and TB.
Our study design does not allow any inference regarding the role of TB in the causal pathway of cervical cancer, the temporal nature of events, or the presence of interactions between TB, HIV, and cervical cancer that may alter the natural course of any of those diseases. However, our results indicate that the coexistence of prior TB disease, HIV infection, and cervical cancer is common, suggesting that potential interactions between two or more of those conditions might be common as well. Disseminated (gynecologic) TB has the potential to lead to delays in cervical cancer diagnosis and an increase in morbidity and mortality during cancer treatment. 11 Conversely, cervical cancer diagnosis may delay the diagnosis and treatment initiation of coexisting TB. 11, 12 Although TB has not been associated with the development of cervical cancer, chronic TB infection and inflammation in the gynecologic tract is an important cause of infertility in the developing world. 13 Thus, the chronic inflammation due to chronic gynecologic TB infection might be a contributing factor in the progression toward cervical cancer. 11, 13, 14 HIV infection is associated with a higher incidence, as well as increased morbidity and mortality, of both TB and cervical cancer, independently. Whether HIV infection modifies the relationship between TB and cervical cancer remains to be determined.
We acknowledge the limitations of our study. Multiple sources of bias could have confounded our findings. Our study was performed on a convenience sample of all consecutive patients with cervical cancer referred to the only cancer treatment center in Botswana, and we did not have a comparison group from the general population. Therefore, we are unable to determine whether the overall prevalence of prior TB infection was higher than what would be expected from the general population with or without stratifying it by HIV status. Our inability to prospectively determine the extent of active TB disease after cancer diagnosis severely limits any inference regarding the true burden of TB in our population. Prospective TB-attributable morbidity and mortality data are highly needed.
Despite these limitations, we believe that these results highlight the critical need to better understand the imminent collision of three of the most important pandemics of our time: HIV, TB, and cancer. Although data remain scant, HIV is a leading factor increasing the incidence of both AIDS-defining and non-AIDS-defining cancers in southern Africa. In Botswana, 43% of all cancers and an even greater proportion of cancer deaths are attributable to HIV. Future studies are needed to determine the extent of the interactions among these highly prevalent conditions worldwide. 
